Porcine parvovirus (PPV) is a cause of maternal reproductive failure in pregnant swine. 3 In swine of all ages, infection with PPV is typically asymptomatic; however, it has been associated with cutaneous lesions in piglets. One report described an epizootic in piglets of slit-like erosions and vesicle-like lesions involving the oral cavity and snout. 1 Erosive lesions of the coronary band and interdigital spaces with occasional sloughing of hooves were also reported. Six herds were involved in that epizootic, with morbidity rates from 13% to 100% and mortality rates from 0% to 58%. Porcine parvovirus was the only pathogen routinely isolated from lesions on the affected pigs. Some or all of the clinical signs were reproduced in piglets inoculated with crude tissue extracts from affected pigs. A second report described necrotic and exudative dermatitis in 3 piglets from 2 different herds. 5 Porcine parvovirus, swine pox, and Staphylococcus sp. were isolated from those cutaneous lesions. Both reports implicated PPV as a potential etiology of cutaneous lesions and suggested that PPV should be included in a differential diagnosis for vesicular lesions in swine.
Porcine parvovirus is a cytolytic, autonomous parvovirus that replicates in cells during the DNA synthesis phase of the cell cycle. The mitotic index of normal skin is low, with few cells undergoing mitosis at any one time. The mitotic index at the margins of cutaneous lesions however could be high because of proliferation of regenerating tissues. We hypothesized that PPV would concentrate at the margins of skin lesions because of the high mitotic index resulting in a focus of cells permissive for replication of PPV. This localization or concentration of virus near lesions could confound determination of the etiology of cutaneous lesions in piglets. The purpose of this study was 2-fold: 1) to compare 2 PPV strains for their ability to localize in mitotically active regenerating tissues at the margins of cutaneous lesions and 2) From the Virology Swine Research Unit, National Animal Disease Center, USDA, Agricultural Research Service, PO Box 70, Ames, IA 50010.
Received for publication December 18, 1993. to determine if PPV can act as a primary pathogen in porcine cutaneous lesions. The NADL-8 strain of PPV was isolated from a dead fetus and had been passaged only in utero. 4 The Kresse strain of PPV was obtained (H. S. Joo of the University of Minnesota) as a homogenate of tissues from an experimentally infected porcine fetus. This strain was originally isolated from vesiclelike lesions of a naturally infected neonatal pig. The homogenate was clarified and the supernatant passed through a 0.22-µm filter. A tertiary embryonic swine kidney cell culture was inoculated with 200 µl of this filtrate. After 72 hours, the cell culture was frozen, thawed, and clarified by centrifugation for use as an inoculum for piglets.
Fifteen hysterectomy-derived, colostrum-deprived piglets were individually housed in sterile cages and divided into 3 groups: group 1 consisted of 3 noninfected control piglets; group 2 consisted of 6 piglets infected oronasally with 1 ml (10 5.2 CCID 50 ) of NADL-8 strain of PPV at 1 day of age (day 0 of the experiment); group 3 consisted of 6 piglets similarly infected with the Kresse strain of PPV. Piglets were anesthetized before creation of cutaneous lesions, which consisted of single, dorsally located, full-skin thickness excisions (10 × 5 mm) on days 0,3, 5, and 7 of the experiment. One piglet from the control group and 2 piglets from each of the infected groups were euthanized and necropsied on days 5, 7, and 14 of the experiment. Sections of wound areas and comparable areas of wound-free skin were recovered for virus isolation (VI) and immunofluorescence microscopy (FA). The sequentially created cutaneous lesions of group 1 piglets provided the control rate for wound healing. Tissues were triturated and homogenates were assayed for relative amounts of virus as previously described. 2 Representative frozen samples of each lesion were cut on a cryostat microtome and prepared for FA. Results were recorded as 0 (no fluorescence) or + to + + + + (scattered fluorescence to > 75% of all fields observed having fluorescence, Fig. 1 ). Hemagglutination inhibition (HI) antibody tests were performed on sera from piglets euthanized on days 7 and 14.
Porcine parvovirus infection was not detected by VI or FA in skin sections of control piglets. Serum obtained from those piglets did not have an HI antibody titer against PPV. Hemagglutination inhibiting antibody was detected in piglets infected with NADL-8 that were euthanized on day 7 and from all piglets in groups 2 and 3 euthanized on day 14 (data not shown).
The dissemination of viral antigen in the tissues of piglets infected with either strain of PPV was similar. Fluorescence for PPV viral antigen was not observed in sections of woundfree skin from infected piglets (data not shown). In contrast, viral antigen was observed in the regenerating tissues at wound margins from infected piglets, with the greatest quantities of viral antigen observed in piglets necropsied on day 7 (Table  1 ). Skin sections of piglets infected with the NADL-8 strain contained more viral antigen on day 5 than did those of piglets infected with the Kresse strain. The converse was true for the piglets necropsied on day 14; piglets infected with the NADL-8 strain had less viral antigen present than did those infected with the Kresse strain. Two populations of cells at the wound margins were observed using FA. Intracytoplasmic and intranuclear fluorescence were observed in large mononuclear cells and in small spindle-shaped cells. Small foci of brightly fluorescing cells, which resembled pyknotic cells in PPV-infected cell cultures, also were present. Viral antigen was observed occasionally in the mitotically active tissues of hair follicles at wound margins.
The relative amounts of virus isolated generally reflected the distribution of viral antigen, with the greatest amount of virus isolated from pigs necropsied on day 7. Virus isolation was a more sensitive method for detecting virus in tissues than was FA; virus was isolated from 5 of 12 sections of wound-free tissue and 31 of 36 tissue sections of wound margins ( Table 2) .
Localization of PPV in regenerating tissues found at wound margins was demonstrated in this study. Substantial differences in quantity or distribution of virus were not observed between the 2 PPV strains. The accumulation of PPV at wound margins may have resulted from a viremia and subsequent infection of mitotically active cells and/or infected mononuclear cells transporting virus to wound margins in response to inflammatory cytokines. In contrast to comparable wound-free areas, the presence of nascent antigen in the apparent granulation tissue indicates PPV had localized and replicated in wound margins.
During this study, cutaneous lesions other than those created were not observed in either group of experimentally infected piglets. Several possibilities may exist for this: 1) the passage of the Kresse inoculum in utero and once in cell culture may have altered its virulence; 2) the quantity of virus given to the piglets may have been insufficient to establish a cutaneous disease; 3) the piglets may not have been monitored for a sufficient time to manifest skin pathology; 4) the original Kresse inoculum may not have contained a filterable agent capable of producing cutaneous disease; or 5) a synergistic relationship between PPV and other pathogenic organisms may be required to produce cutaneous lesions. Gross evidence indicating differences in wound healing was not observed among the 3 groups even though PPV is a cytolytic virus that can localize and replicate in wound margins. From the results of this study, we were unable to conclude that PPV is a primary skin pathogen or that it can inhibit wound healing and thus predispose piglets to secondary disease. Results from this study indicate that during the course of a natural PPV infection the likelihood of isolating PPV from cutaneous lesions is high. Therefore, caution should be used when interpreting the isolation of PPV from mitotically active or inflamed tissue.
